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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a volume hologram recording material, a recording medium 
and a volume hologram which are excellent not only in the hologram recording performance but in 
various kinds of physical properties such as heat resistance, toughness and softness. 
SOLUTION: The photosensitive composition for volume hologram recording contains organic- 
inorganic hybrid polymers which are prepared by copolymerization of organic metal compounds 
expressed by general formula (1): RmM (OR >i and organic monomers having ethylenically 
unsaturated double bonds as the structural components of the main chains, and/or their 
hydrolyzed polymerization condensation products photopolymerizable compounds and a 
photopolymerization initiator. In the formula, M is a metal atom, R is a group having ethylenic 
double bonds, R ' is an alkyl group and m+n is the valence of the metal M . 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
danages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim (s)] 

[Claim 1] Organic-inorganic hybrid polymer to which it comes to carry out copolymerization of the 
organometallic compound written by the following general formula (1) at least as a principal chain 
constituent, and the organic monomer which has an ethylene nature partial saturation double bond 
and/or its hydrolysis polycondensation object, a photopolymerization nature compound, and the 
photosensitive constituent for volume mold hologram record characterized by containing a 
photopolymerization initiator. 
RmM (OR 0 n General formula (1) 

(In the above-mentioned formula, a metal atom and R of M may be the same, or you may differ, and 
the ethylene nature double bond content radical of carbon numbers 1-10 and R ' may be the same, 
or you may differ, the alkyl group of carbon numbers 1-10 is expressed, and m-tti is the valence of 
Metal M, m>=1, and n>1.) 

[Claim 2] Furthermore, the photosensitive constituent for volume mold hologram record according 
to claim 1 characterized by containing the organometallic compound written by the following 
general formula (2). 
MftV General formula (2) 

(In the above^nentioned formula, M' of a metal atom and R" may be the same, or you may differ, 
and it is a halogen, a with a carbon number of ten or less alkyl group, an alkoxyl group, an acyloxy 
radical, or hydro xyl, and, as for these radicals, all or a part may be replaced by the chelate ligand.) 
n ' is the valence of metal M \ 

[Claim 3] The photosensitive constituent for volume mold hologram record according to claim 1 
characterized by said hydrolysis polycondensation object being a hydrolysis polycondensation 
object with the organometallic compound written by said organic-inorganic hybrid polymer and/or 
its hydrolysis polycondensation object, and the following general formula (2). 
MftV General formula (2) 

(In the above-mentioned formula, M ' of a metal atom and R" may be the same, or you may differ, 
and it is a halogen, a with a carbon number of ten or less alkyl group, an alkoxyl group, an acyloxy 
radical, or hydroxyl, and, as for these radicals, all or a part may be replaced by the chelate ligand.) 
n' is the valence of metal M 

[Claim 4] furthermore, claims 1-3 characterized by containing sensitizing dye — the photosensitive 
constituent for volume mold hologram record given in either. 

[Claim 5] claims 1-4 characterized by for said photopolymerization nature compound being a 
compound which has the ethylene nature partial saturation double bond in which addition 
polymerization is possible, and said photopolymerization initiator being an optical radical 
polymerization initiator — the photosensitive constituent for volume mold hologram record given in 
either. 

[Claim 6] claims 1-4 characterized by for said photopolymerization nature compound being the 
monomer in which cationic polymerization is possible, and said photopolymerization initiator being 
an optical cationic initiator — the photosensitive constituent for volume mold hologram record 
given in either. 

[Claim 7] said claims 1-6 —the photosensitive medium for volume mold hologram record 
characterized by preparing the coat of the photosensitive constituent for volume mold hologram 
record given in either on a base material. 

[Claim 8] the photosensitive medium for volume mold hologram record characterize by prepare the 
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volume mold hologram record ingredient layer which contain at least the hydrolysis 
polycondensation object, photopolymerization nature compound, and photopolymerization initiator 
of the organic - inorganic hybrid polymer to which it come to carry out copolymerization of the 
organometallic compound write by the following general formula (1) at least as a principal chain 
constituent, and the organic monomer which have an ethylene nature partial saturation double 
bond on a base material. 
RmM(OR0 n General formula (1) 

(In the above-mentioned formula, a metal atom and R of M may be the same, or you may differ, and 
the ethylene nature double bond content radical of carbon numbers 1-10 and R'may be the same, 
or you may differ, the alkyl group of carbon numbers 1-10 is expressed, and m+n is the valence of 
Metal M,m>=1,and n>1.) 

[Claim 9] The hydrolysis polycondensation object contained in said volume mold hologram record 
ingredient layer is a photosensitive medium for volume mold hologram record according to claim 8 
characterized by being a hydrolysis polycondensation object with the organometallic compound 
written by said organic-inorganic hybrid polymer and/or its hydrolysis polycondensation object, and 
the following general formula (2). 
MfcV General formula (2) 

(In the above-mentioned formula, M 9 of a metal atom and R" may be the same, or you may differ, 
and it is a halogen, a with a carbon number of ten or less alkyl group, an alkoxyl group, an acyloxy 
radical, or hydroxy!, and, as for these radicals, all or a part may be replaced by the chelate ligand.) 
n' is the valence of metal M 

[Claim 10] The photosensitive medium for volume mold hologram record according to claim 8 or 9 
by which said volume mold hologram record ingredient layer is further characterized by containing 
sensitizing dye. 

[Claim 11] claims 8-10 characterized by for said photopolymerization nature compound being a 
compound which has the ethylene nature partial saturation double bond in which addition 
polymerization is possible, and said photopolymerization initiator being an optical radical 
polymerization initiator — the photosensitive medium for volume mold hologram record given in 
either. 

[Claim 12] claims 8-10 characterized by for said photopolymerization nature compound being the 
monomer in which cationic polymerization is possible, and said photopolymerization initiator being 
an optical cationic initiator — the photosensitive medium for volume mold hologram record given in 
either. 



[Translation done.] 
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* NOTICES* 

JPO and NCIPI are not responsible for any 
daoagos caused by the uso of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the volume mold hologram produced using the new 
photosensitivity constituent which can record a volume mold hologram, the volume mold hologram 
record medium using it, and the record medium concerned. 
[0002] 

[Description of the Prior Art] As a photosensitive constituent for manufacturing a volume mold 
hologram, only Omni deck SUSHIRIZU of Du Pont is marketed on mass-production level. Although 
this ingredient uses a radical polymerization monomer, a binder polymer, an optical radical 
polymerization initiator, and sensitizing dye as a principal component, the refractive-index 
difference of a radical polymerization monomer and a binder polymer is used. That is, if 
interference exposure of this photosensitive constituent formed in the shape of a film is carried 
out, a radical polymerization will be started in a part with a strong light, the concentration gradient 
of a radical polymerization monomer will be made in connection with it, and the spreading diffusion 
of a radical polymerization monomer will happen from a part with a weak light to a strong part. As a 
result, according to the strength of the light of an interference light, the roughness and fineness of 
a radical polymerization monomer are made, and it appears as a difference of a refractive index. 
The problem is pointed out to thermal resistance and transparency although it is the most powerful 
as a photopolymer for volume mold holograms to which the current situation of this ingredient 
system is reported. 

[0003] Moreover, the ingredient system which used a radical polymerization and cationic 
polymerization together is reported. For example, in patent No. 2873126, the system which used 
the cationic polymerization nature monomer with a refractive index smaller than the monomer and 
this radical polymerization nature monomer which have a diaryl fluorene frame as a high refractive- 
index radical polymerization nature monomer is indicated. By this system, at the time of hologram 
exposure, a high refractive-index component carries out a polymerization according to a radical 
polymerization, and, subsequently an image is fixed by cationic polymerization by fixing exposure. 
[0004] Moreover, the ingredient system using cationic polymerization is indicated by for example, 
the USP5759721 grade, although there is an advantage that there is no oxygen inhibition in a 
radical polymerization system, by this ingredient system — the sensibility (Photospeed) of cationic 
polymerization — bad — moreover, a long wave — the problem of difficulty in giving sensibility is 
in a long field. 

[0005] Moreover, the ingredient system which used together the mineral matter network and the 
photopolymerization nature monomer is indicated by patent No. 2953200. Although there is an 
advantage that a large refractive-index difference with the organic monomer of 
photopolymerization nature can be taken while excelling in thermal resistance, opposite 
environment nature, and mechanical strength in using as a binder the inorganic material which can 
form a network Since the hologram record film formed by this ingredient system does not have the 
good compatibility of the problem that it is weak and rather inferior to flexibility, processing 
suitability, and coating fitness, and an inorganic binder and an organic monomer, there is a problem 
that it is difficult to prepare a uniform coating ingredient. 

[0006] By introducing an organic radical all over a mineral matter network, flexibility is given to an 
inorganic binder and improving the brittleness of hologram record film is also indicated by this 
patent No. 2953200. However, hydrolysis and introducing an organic radical all over an inorganic 
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network by carrying out a polycondensation are only indicated in the organometallic compound 
which has the functional group in which the organometallic compound or the organic monomer 
which has the organic section in a side chain, and polymerization of this patent No. 2953200 are 
possible. That is, since according to the indication of this patent No. 2953200 the inorganic 
network-of-network structure itself is constituted by the chain which the inorganic compound 
connected mutually and an organic radical is only introduced into inorganic network-of-network 
structure as a pendantHike side chain, upright structure of an inorganic network is not essentially 
changed. 

[0007] Moreover, although the ingredient which distributed the ultra-fine particle to the solid-state 
matrix was indicated as a hologram record ingredient in the ** table No. 508783 [ 2000 to ], the 
fluidity needed to be given to the matrix, solid nature is bad and there was a problem. 
[0008] 

[Problem (s) to be Solved by the Invention] Although various ingredient systems are indicated in 
order to form volume mold hologram record film, if the application to a field with an extensive 
optical element etc. is put into a visual field, it is not enough, and the ingredient system which fully 
fills many engine performance including physical properties, such as not only hologram record 
engine performance, such as a refractive-index difference, sensibility, and transparency, but 
thermal resistance, film reinforcement, opposite environment nature, mechanical strength, 
flexibility, processing suitability, coating fitness, etc., is demanded. 

[0009] This invention is finished in view of the above-mentioned actual condition, and is to offer 
the volume mold hologram record medium using a hologram record ingredient and it excellent in 
many engine performance, and a volume mold hologram. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the 
photosensitive constituent for volume mold hologram record offer by this invention is characterize 
by contain organic-inorganic hybrid polymer to which it comes to carry out copolymerization of the 
organometallic compound write by the following general formula (1) at least as a principal chain 
constituent, and the organic monomer which has an ethylene nature partial saturation double bond 
and/or its hydrolysis polycondensation object, a photopolymerization nature compound, and a 
photopolymerization initiator. 
[0011] RmM (OR *) n General formula (1) 

(In the above-mentioned formula, a metal atom and R of M may be the same, or you may differ, and 
the ethylene nature double bond content radical of carbon numbers 1-10 and R ' may be the same, 
or you may differ, the alkyl group of carbon numbers 1-10 is expressed, and m4ti is the valence of 
Metal M, m>=1, and n>=1.) 

[0012] After applying the photosensitive constituent for volume mold hologram record which 
contains above-mentioned organic-inorganic hybrid polymer or its above-mentioned partial 
hydrolysis polycondensation object as a binder polymer on a base material, hydrolysis, The 
photosensitive constituent for volume mold hologram record which carries out a polycondensation 
or contains the hydrolysis condensate of organic-inorganic hybrid polymer is applied on a base 
material, by making it dry, the hologram record ingredient layer excellent in many engine 
performance is formed, and the photosensitive medium for volume mold hologram record is 
obtained. 

[0013] Thus, the photosensitive medium for volume mold hologram record of this invention 
obtained The hydrolysis polycondensation object of organic-inorganic hybrid polymer to which it 
comes to carry out copolymerization of the organometallic compound written by the following 
general formula (1) at least as a principal chain constituent, and the organic monomer which has an 
ethylene nature partial saturation double bond, It is characterized by preparing the volume mold 
hologram record ingredient layer which contains a photopolymerization nature compound and a 
photopolymerization initiator at least on a base material. 
[0014] RmM (OR 0 n General formula (1) 

(In the above-mentioned formula, a metal atom and R of M may be the same, or you may differ, and 
the ethylene nature double bond content radical of carbon numbers 1 -1 0 and R ' may be the same, 
or you may differ, the alkyl group of carbon numbers 1-10 is expressed, and m+ti is the valence of 
Metal M, m>=1, and n>=1.) 

[0015] And the hologram record ingredient layer of the photosensitive medium for volume mold 
hologram record concerning this invention produces an interference fringe by interference 
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exposure, and turns into a hologram layer, and a volume mold hologram is obtained. 
[0016] In this invention, although organic-inorganic hybrid polymer and/br its hydrolysis 
polycondensation object are used as a binder polymer, since the thing of a refractive index high as 
this organic-inorganic hybrid polymer can be selected, it is possible to take a large refractive-index 
difference with a photopolymerization nature compound, and a volume mold hologram with the large 
amount of refractive-index modulations (deltan) is obtained. 

[0017] Moreover, the hologram record ingredient layer which carried out coating of the 
photosensitive constituent for volume mold hologram record concerning this invention, and formed 
it on the base material film, and the hologram layer which perform interference exposure there, are 
made to produce an interference fringe, and are obtained have taken the structure to which other 
components, such as a photopolymerization nature component and a photopolymerization initiator, 
entered the gap of the network structure formed with the hydrolysis polycondensation object of 
organic-inorganic hybrid polymer. Therefore, since the flexible part is inserted into the chain which 
forms the network structure, it has the flexibility which an organic polymer has as film physical 
properties, the toughness which inorganic polymer has, and thermal resistance, and excels in 
processing suitability practically. 

[0018] This invention sets like 1 voice and the photosensitive constituent for volume mold 
hologram record is characterized by containing the organometallic compound written by the 
following general formula (2). 
[0019] MftV General formula (2) 

(In the above-mentioned formula, M ' of a metal atom and R" may be the same, or you may differ, 
and it is a halogen, a with a carbon number of ten or less alkyl group, an alkoxyl group, an acyloxy 
radical, or hydroxyl, and, as for these radicals, all or a part may be replaced by the chelate ligand.) 
n' is the valence of metal M \ 

[0020] moreover, another voice — it sets like and the hydrolysis polycondensation object with the 
organometallic compound with which the photosensitive constituent for volume mold hologram 
record is written as said hydrolysis polycondensation object by said organic-inorganic hybrid 
polymer and/6r its hydrolysis polycondensation object, and the above-mentioned general formula 
(2) is blended. 

[0021] such voice — in producing the photosensitive medium for volume mold hologram record 
using the photosensitive constituent for volume mold hologram record which belongs like, said 
volume mold hologram record ingredient layer contains as a binder a hydrolysis polycondensation 
object with the organometallic compound written by said organic-inorganic hybrid polymer and/or 
its hydrolysis polycondensation object, and the above-mentioned general formula (2). 
[0022] By blending the above-mentioned organometallic compound, the refractive-index difference 
of a binder and a photopolymerization nature compound can be raised. Moreover, it not only 
gathers the refractive index of a binder, but an organometallic compound is effective in raising 
membranous toughness and thermal resistance in order to form a network with organic-inorganic 
hybrid polymer. 
[0023] 

[Embodiment of the Invention] The photosensitive constituent for volume mold hologram record 
offered by this invention Organic-inorganic hybrid polymer to which it comes to carry out 
copolymerization of the organometallic compound written by the following general formula (1) at 
least as a principal chain constituent, and the organic monomer which has an ethylene nature 
partial saturation double bond, and/or its hydrolysis polycondensation object, A 
photopolymerization nature compound and a photopolymerization initiator are contained as an 
indispensable component, and other components, such as an organometallic compound and 
sensitizing dye, are contained if needed. 
[0024] RmM (OR 0 n General formula (1) 

(In the above-mentioned formula, a metal atom and R of M may be the same, or you may differ, and 
the ethylene nature double bond content radical of carbon numbers 1 -10 and R ' may be the same, 
or you may differ, the alkyl group of carbon numbers 1 -1 0 is expressed, and m+fi is the valence of 
Metal M, m>1, and n>=1.) 

[0025] After applying the photosensitive constituent for volume mold hologram record which 
contains above-mentioned organic-inorganic hybrid polymer or its above-mentioned partial 
hydrolysis polycondensation object as a binder polymer on a base material, hydrolysis and the 
photosensitive constituent for volume mold hologram record which carries out a polycondensation 
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or contains the hydrolysis condensate of organic - inorganic hybrid polymer are applied on a base 
material, and the hologram record ingredient layer excellent in many engine performance is 
obtained by making it dry. 

[0026] Organic-inorganic hybrid polymer is the following general formula (1) at least as a principal 

chain constituent. 

RmM (OR 0 n General formula (1) 

( — in the above-mentioned formula, a metal atom and R of M may be the same, or you may differ, 
and the ethylene nature double bond content radical of carbon numbers 1-10 and R'may be the 
same, or you may differ, the alkyl group of carbon numbers 1-10 is expressed, and m+n is the 
valence of Metal M, m>=1, and n>=1.) — the copolymer to which it comes to carry out 
copolymerization of the organometallic compound written and the organic monomer which has an 
ethylene nature partial saturation double bond — it is a random copolymer preferably. 
[0027] In a general formula (1), Si, Ti, Zr, Zn, In, Sn, aluminum, Se, etc. are used as a metal atom M, 
for example. As a compound in the case of using Si as a metal, vinyltriethoxysilane, 
vinyltrimetoxysilane, BINIRUTORI butoxysilane, a vinyl triaryl oxy-silane, a vinyl tetra-ethoxy 
silane, a vinyl tetramethoxy silane, acryloxyprophyltrimethoxysilane, methacryloxy propyl 
trimethoxysilane, etc. are illustrated. 

[0028] Moreover, as an organic monomer which has an ethylene nature partial saturation double 
bond, although an acrylic acid, acrylic ester, a methacrylic acid, and methacrylic ester are 
illustrated, it is not limited to these. 

[0029] Organic-inorganic hybrid polymer can be manufactured by carrying out the addition 
polymerization reaction of the ethylene nature double bond content radical of the organometallic 
compound expressed with a general formula (1), and the ethylene nature partial saturation double 
bond of an organic monomer by the general approach. For example, an organometallic compound 
and an organic monomer are supplied to solvents, such as alcohols, such as ester, such as 
ketones, such as aromatic hydrocarbon, such as benzene, toluene, and a xylene, an acetone, and 
methyl isobutyl ketone, ethyl acetate, and butyl acetate, a methanol, ethanol, and isopropanol, and 
after carrying out a radical polymerization, adding and heating polymerization initiators, such as a 
benzoyl peroxide and azo-isobutyro-dinitrile, further, organic - inorganic hybrid polymer can be 
manufactured by removing a solvent. 

[0030] Hydrolysis, the molecule with which organic-inorganic hybrid polymers differ when a 
polycondensation is carried out, or the organometallic compound part of the same intramolecular 
constructs a bridge by the sol-gel reaction in this organic - inorganic hybrid polymer, and a 
network (network structure) is formed. This network structure is constituted by the chain of the 
principal chain component of the organometallic compound origin, and the principal chain 
component of the organic monomer origin. Therefore, it differs from the inorganic binder polymer of 
the patent No. 2953200 indication which introduces only an inorganic compound in the shape of a 
pendant by using an organic radical as a side chain on the network which carried out the chain 
structurally. Since the flexible part is inserted into the chain which constitutes a network, organic- 
inorganic hybrid polymer It has the toughness and thermal resistance which inorganic polymer has 
with the flexibility which an organic polymer has as film physical properties, and excels in 
processing suitability more practically compared with the thing of the patent No. 2953200 
indication. 

[0031] Moreover, organic-inorganic hybrid polymer can select an ingredient with a high refractive 
index compared with the conventional organic polymer binder. There is the amount of refractive- 
index modulations (deltan) calculated by the Kogelnik theory by one of the indexes of the hologram 
engine performance. Although deltan shows the refractive-index difference in the refractive-index 
distribution formed according to the interference light which carried out incidence into a sensitized 
material, it becomes the outstanding hologram, so that this deltan is large. Since a large refractive- 
index difference with the photopolymerization nature compound as a refractive-index modulation 
component later mentioned by selecting organic-inorganic hybrid polymer as a binder with a 
refractive index higher than the conventional organic polymer binder can be taken, the amount of 
refractive-index modulations (deltan) calculated by the Kogelnik theory becomes large, and is 
advantageous in respect of the engine performance. 

[0032] Furthermore, since organic-inorganic hybrid polymer contains the principal chain 
constituent guided from an organic monomer, its compatibility over a photopolymerization nature 
compound is good, and it tends to prepare the photosensitive constituent for volume mold 
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hologram record in uniform coating liquid compared with the case where an inorganic compound is 
used as a binder. 

[0033] the photosensitive constituent for volume mold hologram record of this invention — **** 
with said organic-inorganic hybrid polymer partial as a binder polymer — a perfect hydrolysis 
condensate — you may use — organic-inorganic hybrid polymer — the — mixture with partial or a 
full hydrolysis condensate may be used. 

[0034] According to an application, said organic-inorganic hybrid polymer and various organic 
polymers may be mixed and used for the photosensitive constituent for volume mold hologram 
record of this invention as a binder polymer. As an organic polymer, for example Polyacrylic ester, 
polymethacrylic acid ester, or those partial hydrolysates, Polyvinyl acetate or its partial 
hydrolysate, polyvinyl alcohol, or its partial acetal ghost, Triacetyl cellulose, polyisoprene, 
polybutadiene, polychloroprene, Silicone rubber, polystyrene, a polyvinyl butyral, polychloroprene, A 
polyvinyl chloride, chlorinated polyethylene, chlorination polypropylene, Polly N^inylcarbazole, or 
its derivative, Polly N-vinyl pyrrolidone or its derivative, the copolymer of styrene and a maleic 
anhydride, or its half-ester, The copolymer which uses as a polymerization component at least one 
of the monomer groups of an acrylic acid, acrylic ester, a methacrylic acid, methacrylic ester, 
acrylamide, acrylic nitril, ethylene, a propylene, a vinyl chloride, vinyl acetate, etc. which can be 
copolymerized can be illustrated. 

[0035] Furthermore, since the refractive-index difference of a binder and a photopolymerization 
nature compound is raised, the organometallic compound written by the following general formula 
(2) can also be added to the photosensitive constituent for volume mold hologram record. 
[0036] MKV General formula (2) 

(In the above-mentioned formula, M ' of a metal atom and R" may be the same, or you may differ, 
and the halogen and ten or less carbon number, it is four or less alkyl group, an alkoxyl group, an 
acyloxy radical, or hydroxyl preferably, and, as for these radicals, all or a part may be replaced by 
the chelate ligand.) n' is the valence of metal M \ 

[0037] In a general formula (2), Si, Ti, Zr, Zn, In, Sn, aluminum, Se, etc. are used as metal atom M 
for example. In using combining the binder of a high refractive-index mold, and the 
photopolymerization nature compound of a low refractive-index mold, in order to raise both 
refractive-index difference, as for a metal (M 0, it is desirable to use a thing with the highest 
possible refractive index. As such metallic compounds, for example Trimethoxy aluminum, TORIE - 
- an ibis — sial minium, triisopropoxy aluminum, and Tori n-propoxy aluminum — Tori n-butoxy 
aluminum, Tori sec-butoxy aluminum, Tori tert-butoxy aluminum, a tetramethoxy zirconium, A 
tetra-ethoxy zirconium, a tetra-isopropoxy zirconium, Tetra-ti-butoxyzirconium, tetra-sec- 
butoxyzirconium, Tetra-tert-butoxyzirconium, tetramethoxy titanium, tetra-ethoxy titanium, 
Tetraisopropoxy titanium, tetra-n-propoxytitanium, tetra-n-butoxytitanium, Tetra-sec- 
butoxytitanium, tetra-tert-butoxytitanium, these, an acetylacetone, an ethyl acetoacetate, 
alkanolamines, glycols or a complex with those derivatives, etc. can be illustrated. 
[0038] When the organometallic compound written by the general formula (2) is added to the 
photosensitive constituent for volume mold hologram record, it is effective in it not only gathering 
the refractive index of a binder, but raising membranous toughness and thermal resistance by the 
sol gel reaction, under existence of water and an acid catalyst, in order to form a network with the 
above-mentioned organic-inorganic hybrid polymer. 

[0039] Although the organometallic compound expressed with organic -inorganic hybrid polymer and 
a general formula (2) usually forms the network where both are intermingled hydrolysis and by 
carrying out a polycondensation after mixing both, since it carries out the partial hydrolysis 
polycondensation of either or both, it is mixed theoretically, and it is still more possible after mixing 
to form hydrolysis and the network where both are intermingled also by carrying out a 
polycondensation. 

[0040] A photopolymerization nature compound is a component (refractive-index modulation 
component) for modulating the refractive index of the strong exposure section and forming an 
interference fringe at the time of interference exposure. The refractive index of the polymer which 
is made to carry out the polymerization of the photopolymerization nature compound concerned, 
and is obtained as a photopolymerization nature compound uses that from which the hydrolysis 
polycondensation object and refractive index of the above-mentioned organic - inorganic hybrid 
polymer differ, and the thing from which both refractive-index difference becomes 1.0 or more 
preferably. 
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[0041] As a photopolymerization nature compound, an optical radical polymerization nature 
compound and an optical cationic polymerization nature compound can be used. The compound 
which has the ethylene nature partial saturation double bond in which at least one addition 
polymerization is possible as an optical radical polymerization nature compound is mentioned, for 
example, unsaturated carboxylic acid and its salt, the ester of unsaturated carboxylic acid and an 
aliphatic series polyhydric-alcohol compound, and the amide connective of unsaturated carboxylic 
acid and an aliphatic series multiple-valued amine compound are mentioned. 
[0042] As an example, the monomer of the ester of the following unsaturated carboxylic acid and 
an aliphatic series polyhydric— alcohol compound is mentioned, namely, as a monomer of acrylic 
ester Ethylene glycol diacrylate, triethylene glycol diacrylate, 1,3-butanediol diacrylate, 
tetramethylene glycol diacrylate, Propylene glycol diacrylate, neopentyl glycol diacrylate, 
Trimethylolpropane triacrylate, the TORIMECHI roll pro pantry (acryloyloxypropyl) ether, 
Trimethylol triacrylate, hexanediol diacrylate, 1, 4-cyclohexane diol diacrylate, tetraethylene glycol 
diacrylate, Pentaerythritol diacrylate, a pentaerythritol thoria chestnut rate, Pentaerythritol 
tetraacrylate, dipentaerythritol diacrylate, Dipentaerythritol triacrylate, dipentaerythritol 
tetraacrylate, Dipentaerythritol hexaacrylate, a sorbitol thoria chestnut rate, Sorbitol tetraacrylate, 
sorbitol pentaacrylate, Sorbitol hexa acrylate, Tori (acryloyloxyethyl) isocyanurate, Polyester 
acrylate oligomer, 2-phenoxy ethyl acrylate, 2-phenoxy ethyl methacrylate, phenol ethoxy rate 
monoacrylate, 2-(p-chloro phenoxy) ethyl acrylate, p^chlorophenyl acrylate, Phenyl acrylate, 2- 
phenylethyl acrylate, the ether of bisphenol A (2-acrylic oxy-ethyl), There are ethoxylated 
bisphenol A diacrylate, 2-(1 -naphthyloxy) ethyl acrylate, o-biphenyl methacrylate, o-biphenyl 
acrylate, etc. 

[0043] Furthermore, as a monomer of methacrylic ester Tetramethylene glycol dimethacrylate, 
triethylene glycol dimethacrylate, Neopentyl glycol dimethacrylate, 
trimethylolpropanetrimethacrylate, Trimethylolethane trimethacrylate, ethylene glycol 
dimethacrylate, 1,3-butanediol dimethacrylate, hexanedioldimethacrylate, Pentaerythritol 
dimethacrylate, pentaerythritol trimethacrylate, Pentaerythritol tetra-methacrylate, 
dipentaerythritol dimethacrylate, Dipentaerythritol hexamethacrylate, sorbitol trimethacrylate, 
Sorbitol tetra-methacrylate, screw-[p-(3-tnetacryloxy-2-tiydroxy propoxy) phenyl] 
dimethylmethane, Screw - [p - (there are an acrylic oxyethoxy phenyl] dimethylmethane, 2, and 2- 
screw-(4-methacryloyloxy phenyl) propane, methacrylic-acid-2-naphthyl, etc.) 
[0044] As an optical cationic polymerization nature compound, the cyclic ether represented by an 
epoxy ring and the oxetane ring, thioether, and vinyl ether are mentioned. As an example, when an 
epoxy ring content compound is mentioned, there are polyalkylene glycol diglycidyl ether, bisphenol 
A diglycidyl ether, glycerol triglycidyl ether, J IGURISE roll triglycidyl ether, diglycidyl hexahydro 
phthalate, trimethylol propane diglycidyl ether, allyl glycidyl ether, phenyl glycidyl ether, 
cyclohexene oxide, etc. 

[0045] It is desirable to use that to which a refractive-index difference with organic-inorganic 
hybrid polymer becomes as large as possible after interference exposure as a photopolymerization 
nature compound. The refractive index of organic-inorganic hybrid polymer and its hydrolysis 
polycondensation object Since a refractive index becomes very small in are different with a metal 
component and using an organic silicon compound as an organometallic compound of a general 
formula (1) Since a refractive index becomes very large in it is desirable to use a 
photopolymerization nature compound as much as possible with a large refractive index rather than 
it and using an organic titanium compound and an organic zirconium compound as an 
organometallic compound of a general formula (1) It is more desirable than it to use a 
photopolymerization nature compound with a refractive index small as much as possible. 
[0046] In this invention, since it is easy to select organic-inorganic hybrid polymer of a high 
refractive index as a binder polymer, by using a photopolymerization nature compound with a low 
refractive index combining such an organic-inorganic hybrid polymer of a high refractive index, a 
large refractive-index difference can be taken and it is especially desirable, polyethylene-glycol 
monoacrylate which can illustrate a with a following refractive indexes of 1.49 or less 
photopolymerization nature compound as a photopolymerization nature compound with a small 
refractive index, Polyethylene-glycol diacrylate, polyethylene-glycol diacrylate, Polyethylene glycol 
dimethacrylate, trimethylolpropane triacrylate, Trimethylolpropanetrimethacrylate, hexanediol 
diacrylate, Aliphatic series system monomers, such as pentaerythritol tetraacrylate; It reaches. 1H, 
1H, 2H, and 2hHieptadeca fluoro DESHIRU methacrylate (bis-coat 17FM; product made from the 
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Osaka organic chemistry), 1H, 1H, 5H-octafluoropentyl methacrylate (bis^coat 8FM ; product made 
from the Osaka organic chemistry), 2-(perfluoro-3-methylbutyl) ethyl methacrylate (M-3420; 
Daikin make), 2-(perfluoro DESHIRU) ethyl methacrylate (M-2020; Daikin make), 3 -(1H, 1H,and 
9H-hexa deca fluoro NONIROKISHI)- Fluorine-containing monomers, such as 1,2-epoxypropane 
(E -5844; Daikin make), 1, and 4-fcis(2', 3'-epoxy propyl)-perfluoro-n-butane (E -7432; Daikin make). 
[0047] It is possible to also use the thing the oligomer type of a compound and polymer type 
illustrated above as a photopolymerization nature compound. 

[0048] A photopolymerization initiator is used in order to start or promote the polymerization by 
interference exposure of a photopolymerization nature compound, according to the format of a 
polymerization reaction, is suitably chosen from an optical radical polymerization initiator, an 
optical cationic initiator, etc., and is used. 

[0049] As an optical radical polymerization initiator, 1, 3— J I (t -butyl dioxy carbonyl) benzophenone, 
3, 3', 4, a 4 -tetrakis (t-butyl dioxy carbonyl) benzophenone, N-phenylglycine, 2 and 4, 6-tris 
(TORIKURORO methyl)-s-triazine, 3-phenyl-5-iso oxazolone, 2-mercaptobenzimidazole, and 
imidazole dimers can be illustrated. 

[0050] As an optical cationic initiator, a mixed aromatic series diazonium salt, aromatic series 
iodonium salt, aromatic series sulfonium salt, aromatic series phosphonium salt, and ligand metal 
salt (eta(eta6-benzene)5-cyclopentadienyl), for example, iron, (II) silanol-aluminum complex etc. 
can be illustrated. 

[0051] As for a photopolymerization initiator, it is desirable that decomposition processing is 
carried out after hologram record from a viewpoint of stabilization of the recorded hologram. For 
example, since an initiator is easily decomposed by carrying out UV irradiation if it is in an organic 
peroxide system, it is desirable. 

[0052] Although the laser light from visible laser light (458nm, 488nm, 514.5nm), for example, an Ar 
ion laser, krypton ion laser (647.1 nm), an YAG laser (532nm), etc. is used for record of a hologram, 
sensitizing dye can be added as a purpose which raises the sensibility in each laser light wave 
length. 

[0053] As sensitizing dye, thio pyrylium salt system coloring matter, merocyanine system coloring 
matter, quinoline system coloring matter, styryl quinoline system coloring matter, keto coumarin 
system coloring matter, thoxanthene system coloring matter, a xanthene dye, oxo-Norian system 
coloring matter, cyanine system coloring matter, rhodamine system coloring matter, pyrylium salt 
system coloring matter, etc. are illustrated. When high transparency like an optical element is 
required, as for the sensitizing dye which has absorption wavelength to a light field, what becomes 
colorlessness by decomposition etc. by the back process after hologram record, and heating and 
UV irradiation is desirable. 

[0054] the organic-inorganic hybrid polymer 100 weight section whose photopolymerization nature 
compound is a binder polymer — receiving — the 10 - 1000 weight section — the 10 - 100 weight 
section comes out comparatively preferably, and it is used. 

[0055] a photopolymerization initiator — the binder polymer 100 weight section — receiving — 1 - 
1 0 weight section — 5-10 weight section comes out comparatively preferably, and it is used. 
[0056] the organometallic compound of the general formula (2) blended if needed — the binder 
polymer 100 weight section — receiving — the 10 - 100 weight section — 20 -70 weight section 
comes out comparatively preferably, and it is used. 

[0057] sensitizing dye — the binder polymer 1 00 weight section — receiving — 0.01 - 1 weight 
section — the 0.01 -0.5 weight section comes out comparatively preferably, and it is used. 
[0058] Each ingredient which was described above An acetone, a methyl ethyl ketone, methyl 
isobutyl ketone, A cyclohexanone, benzene, toluene, a xylene, chlorobenzene, A tetrahydrofuran, 
methyl cellosolve, ethylcellosolve, methyl-cellosolve acetate, Ethylcellosolve acetate, ethyl 
acetate, 1,4-dioxane, 1,2-dichloroethane, dichloromethane, chloroform, a methanol, ethanol, 
isopropanol, etc. by dissolving in those partially aromatic solvents The coating liquid as a 
photosensitive constituent for volume mold hologram record concerning this invention can be 
prepared. However, when a photopolymerization nature compound is liquefied in ordinary 
temperature, the amount of the coating solvent used can be reduced and a coating solvent may be 
unnecessary at all. 

[0059] The above-mentioned coating liquid is applied to a suitable base material film by 
approaches, such as a spin coater, a gravure coating machine, a comma coating machine, and a bar 
coating machine. The thickness of a volume mold hologram ingredient layer is preferably good to be 
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referred to [ 1-100-micrometer ] as 10-40 micrometers. 

[0060] As a base material film of the photosensitive medium for volume mold hologram record It is 
what has transparency. A polyethylene film, a polypropylene film, A polyfluoroethylene system film, 
a polyvinylidene fluoride film, a polyvinyl chloride film, A polyvinylidene chloride film, an ethylene- 
vinyl alcohol film, A polyvinyl alcohol film, a polymethylmethacrylate film, A polyether sulphone film, 
a polyether ether ketone film, A polyamide film, a tetrafluoroethylene-perfluoroalkyl vinyl ether 
copolymerization film, Resin, such as polyester film, such as a polyethylene terephthalate film, and 
a polyimide film, is illustrated, and 2-200 micrometers is 10-50 micrometers preferably as 
thickness. 

[0061] The hydrolysis polycondensation reaction (sol gel reaction) of the photosensitive 
constituent for volume mold hologram record is the timing of the arbitration after applying, and the 
front stirrup applied to a base material film can advance, and it can make it complete easily -10 
degrees C - 35 degrees C under existence of the water of optimum dose by leaving it at 0 degree 
C -25 degrees C preferably for 15 minutes to 12 hours. 

[0062] It is desirable to use a catalyst in the above-mentioned hydrolysis polycondensation. As a 
catalyst, acids, such as a hydrochloric acid, a nitric acid, a sulfuric acid, or an acetic acid, are 
desirable, and 0.001-20.0 Ns of these acids can be preferably used as an about [ 0.005-5.0N ] 
water solution. 

[0063] The photosensitive medium for volume mold hologram record carries out coating of the 
coating liquid of the photosensitive constituent for volume mold hologram record to a base material 
film, hydrolysis and after carrying out a polycondensation, it fully dries the coating film, and it is 
obtained by forming the coat (volume mold hologram record ingredient layer) of the photosensitive 
constituent for volume mold hologram record. 

[0064] Moreover, the photosensitive medium for volume mold hologram record is obtained also by 
carrying out coating of the coating liquid of the photosensitive constituent for volume mold 
hologram record to a suitable base material film, and making it dry it partially or completely, after 
carrying out a polycondensation, hydrolysis and. 

[0065] Beforehand, it hydrolyzes, and since the polycondensation of the organic-inorganic hybrid 
polymer which is a binder polymer is carried out, it may be mixed with other ingredients. 
[0066] When using the organometallic compound of a general formula (2) as an auxiliary binder, 
since it hydrolyzes and the polycondensation of the organometallic compound is carried out to 
organic-inorganic hybrid polymer, you may mix with other ingredients. Furthermore, as a 
modification, since it partial-hydrolyzes and the polycondensation of both organic-inorganic hybrid 
polymer, and both [one side or ] is carried out independently beforehand, they may be mixed with 
other components, coating liquid may be prepared, and a polycondensation may be completely 
carried out after coating. 

[0067] The catalyst of hydrolysis, water required for a polycondensation reaction and an acid, 
alkali, etc. may be blended into a solvent at each ingredient and coincidence, and may be added 
later. For example, when you may add in coating liquid just before coating when performing 
hydrolysis and a polycondensation after coating, and performing hydrolysis and a polycondensation 
before coating, just before performing hydrolysis and a polycondensation reaction, you may add. 
[0068] Moreover, when adhesiveness is in the volume mold hologram record ingredient layer after 
desiccation, the film illustrated with the above-mentioned base material film can be laminated as a 
protection film. In this case, mold release processing of the contact surface with the volume mold 
hologram record ingredient layer of a laminate film may be carried out so that it may be easy to 
remove afterwards. 

[0069] The obtained photosensitive medium for volume mold hologram record prepares a hologram 
record ingredient layer on a base material film. In this way, the hologram record ingredient layer 
concerned The hydrolysis polycondensation object with which a hydrolysis polycondensation 
object, or organic-inorganic hybrid polymer and the organometallic compound of organic-inorganic 
hybrid polymer are intermingled, A photopolymerization nature component and a 
photopolymerization initiator are contained as an indispensable component. The structure to which 
other components, such as a photopolymerization nature component and a photopolymerization 
initiator, entered the gap of the network of the hydrolysis polycondensation object with which a 
hydrolysis polycondensation object, or organic-inorganic hybrid polymer and the organometallic 
compound of organic-inorganic hybrid polymer are intermingled is taken. 
[0070] Interference exposure can be performed to the photosensitive medium for volume mold 
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hologram record concerning this invention by the approach learned from the former, and a volume 
mold hologram can be formed in it. 

[0071] For example, oppose the hologram original edition to the hologram record ingredient layer of 
the photosensitive medium for volume mold hologram record, it is made to stick, and a volume mold 
hologram is formed by performing interference exposure using ionizing radiation like the light or 
ultraviolet rays, or an electron ray from a transparence base material film side. 
[0072] Moreover, complete exposure, heating, etc. by ultraviolet rays can be suitably processed 
after interference exposure to a completing [ promote the refractive-index modulation by 
interference exposure or ]-polymerization reaction sake. 

[0073] It is thought that the volume mold hologram record mechanism of the photosensitive 
constituent for volume mold hologram record in this invention is the same as the mechanism said 
from the former. That is, if interference exposure of this photosensitive constituent formed in the 
shape of a film is carried out, photopolymerization will be started in a part with a strong light, the 
concentration gradient of a photopolymerization nature compound will be made in connection with 
it, and the spreading diffusion of a photopolymerization nature compound will happen from a part 
with a weak light to a strong part. As a result, according to the strength of the light of an 
interference light, the roughness and fineness of a photopolymerization nature compound are made, 
and it appears as a difference of a refractive index. This refractive-index difference serves as an 
interference fringe, and a volume mold hologram is formed. 

[0074] Thus, the hologram record ingredient layer of the photosensitive medium for volume mold 
hologram record concerning this invention produces an interference fringe by interference 
exposure, and turns into a hologram layer, and a volume mold hologram is obtained. 
[0075] Although the refractive-index difference produced in the interference fringe of a hologram 
layer in this invention is considered to be the refractive-index difference of the part which 
contains organic-inorganic hybrid polymer which is a binder polymer at a high rate, and the part 
which contains a photopolymerization nature compound at a high rate Since organic-inorganic 
hybrid polymer can select the thing of a high refractive index, it is possible to take a large 
refractive-index difference with a photopolymerization nature compound, and a volume mold 
hologram with the large amount of refractive-index modulations (deltan) is obtained. 
[0076] Although the hologram record ingredient layer of the photosensitive medium for volume 
mold hologram record concerning this invention produces an interference fringe by interference 
exposure and turns into a hologram layer, this hologram layer has the network structure of the 
hydrolysis polycondensation object with which a hydrolysis polycondensation object, or organic- 
inorganic hybrid polymer and the organometallic compound of organic-inorganic hybrid polymer are 
intermingled like the above-mentioned hologram record ingredient layer. Therefore, since the 
flexible part is inserted into the chain which forms the network structure, it has the flexibility which 
an organic polymer has as film physical properties, the toughness which inorganic polymer has, and 
thermal resistance, and excels in processing suitability practically. 
[0077] 

[Example] 1. The production ethyl methacrylate and gamma-methacryloxpropyl trimethoxy silane 
(KBM503;Shin-Etsu Chemical Co., Ltd. make) of organic-inorganic hybrid polymer start solution 
are set to 6:4 by the mole ratio, benzene was used as a solvent, the benzoyl peroxide was used as 
an initiator, and the polymerization was carried out under reflux for 8 hours. After reaction 
termination, reduced pressure drying was refined and carried out except for an unreacted object 
and benzene, and organic-inorganic hybrid polymer was obtained. 

[0078] Organic-inorganic hybrid polymer obtained above was dissolved in the acetone, the 
zirconium butoxide (ORUGACHIKKUSU ZA60; Matsumoto Trading Co., Ltd. make) as water, a 
hydrochloric acid, and an organometallic compound was added further, and organic-inorganic hybrid 
polymer start solution was obtained by the sol gel reaction. 

[0079] 2. The photosensitive constituent solution for volume mold hologram record of production of 
a volume mold hologram, next the following presentation was produced. 
[0080] -[ organic ] inorganic hybrid polymer start solution produced by <lhe photosensitive 
constituent solution for volume mold hologram record> and the above: The 100 weight sections 
(solid content) 

-Polyethylene glycol dimethacrylate (9G;) [ Shin-Nakamura Chemical ] Make :60 weight sections 
and 1-hydroxy cyclohexyl phenyl ketone (IRUGA cure 1840 [ tiba SUPESHARUTI KEMIKARUZU ] 
Make :Two weight sections and 3-ethyl-5-[ (3-ethyl-2(3H)-benzothia ZORIRIDEN) ethylidene]-2- 
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thioxo-4-oxazolidinone (NK-1473; Hayashibara Biochemical Laboratories, Inc. make): — the 0.02 
weight sections and methanol: — 30 weight sections and methyl-ethyl-ketone: — the 30 weight 
sections above-mentioned solution A bar coating machine is used on a polyethylene terephthalate 
(PET) film (Toray Industries lumiler T-60) with a thickness of 38 micrometers. It applied so that it 
might become 20 micrometers of desiccation thickness, and the hologram record ingredient layer 
of gel [ heating further ] was formed, and the photosensitive medium for volume mold hologram 
record was produced. 

[0081] Next, the hologram record ingredient layer side of the photosensitive medium for volume 
mold hologram record was laminated to the mirror, incidence of the 514.5nm Ar-ionHaser light was 
carried out from the PET side, interference exposure was performed, and the volume mold 
hologram was recorded. 

[0082] Next, the interference fringe was fixed by heating and the ultraviolet-rays polymerization, 
and the volume mold hologram was obtained, a spectrum — as a result of calculating from an 
evaluation result, amount of refractive-index modulations deltan was 0.056. 
[0083] 

[Effect of the Invention] According to this invention, not only hologram record engine performance, 
such as a refractive-index difference, sensibility, and transparency, but the volume mold hologram 
record ingredient having the flexibility which an organic polymer has as film physical properties, the 
toughness which inorganic polymer has, and thermal resistance, a volume mold hologram record 
medium, and a volume mo|d hologram can be offered, and the application to a field with an 
extensive optical element etc. is expected. 



[Translation done.] 
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[0004] #?*>M£**JfflLfc*m**i. 
M^.«US P5 7 5 9 7 2 1 ^{CgjjTfiiiftT CCD 

^J** 5 *** 5 . #^:*->fi^©B(g (Photosp 
e e d) itm< . giS*^{C®a*J#/c^S £1 

[0 0 0 5 ] g/c. #§¥02 9 5 3 2 0 0-^tCtt. *K4S 

14. ««3WtKflin*i*«c. #S^tt©*r«£*^v- 
<t©JB#T*g* < Bltl* i l> &* 5 . c © 

F«US. SO. fti^V>y-iW8i ; 6^v-©ffi« 
tt**j5l< iSj-&*rLtt^£i@$iTr£©#fflSt 

[0006] 953200 mckt, mmmw 

^y-KIS&ttfc'W-^b. ^P^Afglifll©)!;** 
&#-r£C.£4>B3^;*ftXl,>S. U#>U PJ#flFW2 9 
5 3 2 OOfB, ffl«tcW*MP**Tatf«&llMfc£*l 

-C$>5o -T&ft^. P]^l*m2 9 5 3 2 0 0^-CD^Kl 



[0 00 7 ] gfc. #^2 000-508783^t 

* * tc SSftbtt^r^fc-tf 9 . BJfctttfH < na 

[0 00 8 ] 

[ffeHjtf^&uJ^iT&iSgl] **»3£*Ei?7Ai2& 

s. jaws. jjdi®1£. a-^-i >^®^t'©!B3ii^ 

So 

[0009] ±BSit»;«:tt*-riiSua5we»n 
n?:ffli^c^«s«*p^7Ase^ft, so, 

[0010] 

« ( i ) vmzzftzmm£mit'&®£3.?i,>m*fb 
^sst-^^. jfea^s-ffc^tt. so. ^s^p^^j^# 

[001 1 ] RmM (OR' ) n — MaS < 1 ) 

Tfc <fc< 1 ~ 1 o ©x^ u >ttr*»^*W*. 

;l/tt^L/, m+n«#J!M©ffiS!t. 1 . n ^ 1 r 
) 

[0012] /t-f >y-*y?-iLr±iB<ow«-«8 

at* B y ^ AE»ffl«atttttR»»*ffl*±«:Jfe* L/ . 

MWMiiWBA Stv. ttfltS* a i'? AfBiSfflSli3t14« 
[0013] c©«t i 5{cLTf#6ns*^©i*as* 
< £4>Ti2-fls^; ( i ) x-mz2tiz>G&&m<t&to± 
m£z&-ctj:2>mwi-im»A7'v v F#y^-©ni* 

#B?fiffi£^£, 7tfi^S{t^£, ^^Pfl^Jt* 



(4) 
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[0 0 1 4 ] RmM (OR' ) n — MsS ( 1 ) 

(±tB5S;ic*jc>T. Mit&mm*. MZffl—VbnU-o 
rfcct<pe^l~l Ocdx^u^-s^^W*, 
r- «|5|-f4>M^o-c4)J:<^^r~i Ocdt;u+ 
JUS&SIL. m+nB:£IIM©fflfi$L 1 . n ^ 1 f 
**. ) 

[0015] **wc^^,f*ss*a^7Afe 

[o o i 6 ] *^{c*sc^r«, ^-f >^-si<y v-<t 
f# y v- <t BWt^fflJfi*© &©£j§5£f & c £ w 

V* SOT?. *a^tt4b^»4©«*r*«*^Sr < £ s 
Ct*5"BJ^-C*0. ra*T^SiS (An) ©**(,»&1S 

[00 17] $?c. #^HJK#£^1^P^A§BIS 20 

*>« Hffl±. ani®fife«:«ft-c <,>•£>., 30 
[ooi8] »«*c*»t»r. Mi^o^ 

AE«fliJBaifi!ttfflJ««!B. TIE— fi$5£ (2) TSlfESft 

[0 0 1 9 ] M' R" n' — mS. (2) 

<±ESWc*H,>T. M* R" «R— 

&-?Tfc<fc<. -^py>. j^^tfc l o«Totjv+^ 
a. r^3*'>^*^L/< «r->;i/^+^S. XB. t 

- hBefit^fc^og^^^nri^rfeiu. n' «^ 

JIM' ©ffiSfcT'**. ) 40 
[0 02 0] £/c, SiJ(D^«fC*il,ir. {*«£[* o ^"5 

©jjn*^M»ffi^£±ia— *&5$ (2) -c^tesn-sw 
[0021] c*i6©»»«:ji-r*f*asj*o^Aia 

iSUi&3fc1lMJ&^£ffl^Tft^M*P ^5 AiE&ffl.fStfG 

W4JBB, /"W>#-£0"C. misB^-M^ W ^ 'J 

5, F y v-Sy/X«*©JD*»»«i^«l4±E- 50 



uast (2) T^fs3ft*^^iHb^£©J}n*#8sa: 
[0022] ^amu^mit^^m^r a c t tc<t 

;^>#-©/li^£±tfa/cWT?fr< . H©&S9 
[0023] 

ft< £*>TfE-flSs£ ( 1 ) -?$BB£ft*tfM&IIHt£«I 

tt^FiSfa - a*te«*rr * y v - 1 £ 

ftS^tfT&aW^-fc&t&'W^y » Ktf'J 7-M 

©-c&s. 

[0024] RmM (OR" ) n — ASiK ( 1 ) 
(JiGACCfelr*?. MttAMK?. RttlBI— "Ct>»CCo 

R' BIH— •efcg&^TfeJ^ESftjKl - 1 0©TJU+ 
;U***L/. m+nB#JSM©«fe, 1 , ni'lT 
) 

[0 02 5 ] ^>f>^-iKW-iL-r±gB©W«-^ 
-T n ^ 9 AiB»««*tt»SWfc* 

[0 02 6 ] 4 f ') v K jK y v-B. ±#S 

titfi&iS^i OTil>&< £*>Ti2-«ffi^i ( 1 ) 
RmM (OR' ) n — «K ( 1 ) 

(±fBSC(c*j^T. MB^HJl^, RttB-TWfto 
r*>«t<«jRtti~i o©**u>ttrjt*S^*a. 
R' HW— -c4>S&o-c4>J:<KsR*fel~l oor** 
JUS^b. m + nB^IMClSi. 1 . n ^ 1 T 
) -caiB$ti.SW^#)S^b^5£x?b>14^ 

sm^. w^o<B^^^A«m^-c*s„ 

[0 02 7 ] ( 1) Kte^-r. ^IJST-Mt L/T 

B. fWiLB. Si, Ti. Zr, Zn. In. Sn. A 
1, Sef»^tl^ ^iiLtSi^StSil 
^Ofl^ftiLTtt, tr^;PF yx F^^>>>-7>, b*- 
JUFy^F + ~>^7>. f x;VF iJT'h+^X f 
x;l/ h y T yjb^-+>">-7>. h^i F+i^v- 

5>. b-x;l^ F^^ F^->->7>. 7i"Ja + ->7'D 
t';u F F + >'>'7>. ^^i? i;p+->7'pf;UF y 



[0028] ttc, x^u^tt^fa— mte-sz^tz 

[oo29] mm-nm^ k^^-w. — s 
^ ( i ) rsi3ft£WgfckJi*t^©x*u>tt-M3 

i*-flSW^c^^»t«^JSlE?ti-€. C i K J: 9 SIS 

sm^^^m<D^f)vm. j*;-*. x*y 
[0030] coii-ltl^^'J » K*yv-*y 

it) £?FW£. C©*» hv- *«H6tt. fttift&IIMb 

m*<D&mm tmm*;-?- &$t<Dmm& t © 

^c«A-r-2>!f#ltM2 9 5 3 2 0 0#PBS*©*li«'<-f > 

^'j? F#y vy-z*Wi&?z>mmK. 

■mm**0M**#5. mm±. #i*s&2 95320 o-sfga 

[0031] wn-ast^wyy » FtfU 
«. ^©wts^yv-z^^^-tit^-r/ajt^©!* 

*§«©— -pfcK 0 sr e 1 n i kiH&Kj: Otm^n-S/S 
«f*S»« (An) Antt»Wi*»K:A»t/fcT 

^rfc©t?*S*s. C©An#S;*:t^*I> in)Tc*oy 40 

$©m^w>^-ti,twi-ft«A-<^'; ? F#y 

v- HUfiT*JBJriMaWt»4 
OT©#*£teffc£»i©iH«r*«**S OJSCt* 5 
t?*S©t?. Kob e 1 n i kSI(McJ:«J9f«Sn4B 
#r*^ii§ (An) < ft 0 . teUIB-CWfUr* 

[0 03 2] S'E.fe. «*Hfc«>Wyy » F^yv- 
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[0 0 3 3] *»W©«s»ffl* P y^ AlBftffiJBft&H. 

-r y y 9 f * y v - ©as^max^^ft »o*»j»b^ 

[0034] **HCDfMMB*ia y^ Al2f5ffl&3te14ia 

Edrti- -f y y 9 f * y v - 1 y 

#yy* y;u&xxy\>k ^yy^^y;u^xx 
^;ux«-en6©a5^DP7k»^, fJftSKiX/XB 

^©gfc&fcD^jm 'J bfx;l,T;U3-;UX»^-©g|5 

^r-fe^-JUfc*. h yr-fe^juz^u-x. #y^y 
yi->, #yy£^x>, rf<y ^pay"u>. ->yrj- 
>=fA, ijf^fux si<y #y^ 
ppyu>, #yi£ftex;K Sf^'Jif u>, % 
M# , )^BtU>, ^y - N-b*xjU*jW>*y-;UX 

«*©»*{*. * y - n - ^xjb fu y f >x«-e©§f 

igft. ^^U>i^7k-7H'>^©Jtlt^{*Sfc{i^© 
4ix^-r^, y^K. rt> <) fornix 
y;u®L y;H&x*.7\>k r^y;uT5F. 

'JAiUJA-, x^U>, ^"at*U>, ^tf-^U, I* 
^tx;l/^©JtS^pJtgft*y -v-gf©^ft< i fe-o 

[0 03 5] gfc. M(C^'-C>^-<!:^fi^1±<k^)© 
SJf^M^^iSi+S/cfe. TiE-fl85£ (2) -C«IB3 

[0 0 3 6 ] M' R" n' — (2) 

(±ESC«:*jO>r. M' H^HI^. R" «P-"CfcS 

4>«kt> 0 n' it&mM' ©ffi^T?*S„ ) 
[0 0 3 7] ( 2 ) tCfc^r, #H^M' <!: U 

"Ctt, Si, Ti. Zr, Zn, In, Sn, 

A 1 , S e*»m>&tiS. JSJBJWS!©^^ >f-i 

^Ktt, ^©®Sf^*±Cf*fcA > CM' ) W 
m*4/cWl«^®Jf$?:^-?4>©?:^ffl-r ZWW* b 

y7'nrK+j>TJl'SX'i7A. h y n-yn^^^r^s 
x>t7A, h yn-yh+^TJUSx^A. MJsec- 
y h+->TJU5x^A. h y t e r t -y h+^TJUS 



(6) 



x*}> A, f* b ^> Ftyy;^^»)A, f F^xht^ 
^jUrsx^A, f- b ^ V7 , P^^3^') A, -r 
h ^ n - y h^^^;Un^^A s fF^sec-^h^ 

A x f h*ris?~$y, f h^lF^^^, 

h7-{V7 , o^>f^>, r b^n -7*D#+^f^ 

tr-tr^^T-fe h>, 7-feb&^x?-;k T)\s#S-)l> 

[0 0 3 8 ] -fl§:x ( 2 > r*iB?nsw^ni^^ 

[0 0 3 9 ] W«-««l^^^y F#Uv-iHtt* 
(2) -ca3tiS*«te«ft*««. 
»Ccin*$>iB. WteSttSCitcJ:*). W#**»fiET 20 

[0040] *iMft^fttt T*«wcc5*wft» 
iffiwa-toa'W^y *^ k# y ^-©»i*»)w««f^ 

WiJBlMWW&S » * L < «W#©ffl*r***s 30 
1. 0«±£tt**>©*fflC»S. 
[004 1 ] ^IMft^i l/TB, 

«*.«^i!ifn*^#>it. acre-©*, 

©7S K«^»3W»tf6tlS. 

[0 04 2] ^ttWiL/T, ^©<t9 3Gc^ttW*Jl/#> 40 
KilllWJSiHiT^a - JWb^W f-;KD* -/ v 

if U>^'J3-J^7^ U b, b 
«Jifl/>^y 3-;U^T^y U-K 1. 3-:/*> 
^t-^T^'JIx-h, 7-h7^fU>?'^-^ 

^^^^'J^-^T^^-h, by^^P- 
;U^n/s> b yr* y U- K H ^fn-^n/o 
by (7^VPW+^ab^) x~-f*;k by^ 
^q^i^>hy7^ r ;u-hs ^^*y->> > ^--;u> J so 
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7^yu-K 1. 4 -^/^P^+t>^^v7^ 
yu-h, 7-h7X?U>^V3-J^7^'Jl/^h, 

^>^y^'j h-;i^r^y b. ^>£xy*y 
h — h y y u- b, ^>*x«jxn^f h7 
7#yw-K ^>j?x^'j b— Ji/S^7^y u- 
b, y^>#x«;^y b-^b vt? y u- K 
#xy* y b-^f- h ^7^ y u— b, ^>^x'U 
y b-;t"^^if7^ ij u— b v v^tr b-jv b y 7^ y 
b-b, v;i/trb-^f- b^7#y u-~b> v^trb- 
iK>^7^'ji/-K yjbtf b-ji/^-yr* y u- 

b, by (7^'JO^W^>x^) -fV^7*U~ 

b, tfyxx^jur* y b* y =fv- % 2-7x> 

yu-b, 7*y-;i'XF^>i/-Ft/7i'VU'- 
b, 2- (p-^PP7xy + ^) x?;i/7^yu- 
K p-^do^j^r^yi,-^ :7*x;U7£y 
u-k 2 -y xx^x^;i/7^ y k trx-7^y 
-MO (2-7^»JW^>x5 : W x-fvk xh 
+ Mt?n/cfcfX^x-/-;UA^7^ y U- b, 2- 

(i-t7fWt-» x^7^yu-h, o-try 

x^M^r^'JU-K o-tfy xx;l/7^y U-bft 
[0 04 3] 3 y^x*^;UE^fcy v-i 

itB, f- b^^f u>y y y b, 
h y x^u>^y a-)\,i/j*#t> y b, *:*^>f 
;^ya-;^^^^ yu-F, b y u-jly'w* 
>b r ;^*^yu-b, b y >^o-^x^> b y ^ ^ 
^yu-b, x^u>^y y k 

i. 3 y u- K 

y b, ^>^xy xy b— jiissz 
^yu-h, ^>^xyxy b-;Ub y^^^y 
^>$xyxy b— ^-^b^^^^y u— b, 
>dfxyxy b-;us^> *^y u— ^>^x>j^ 
y y u- b, v^tfb— Jl/b y^e * 

^yu-b, VJWb-frf-byJitirV b, t'X 
- C p - (3 -^^^ y;v^+^-2 -t Fa*^7'D 
^<+->) 7xx;lO ^y^;u^^>, fcf^~ Cp- (7 
^iJW^^xhtV7xXJl/) ^f;M^> 4 2, 

^*>, ^^^y;uK-2-^-7^;i/^*s 0 

[0 0 44] ^^7f *>*£ttfb^W±LTtt, x,i<+ 

or, x^+^Mft^MW^i, *y7;^i/ 
>^y n-juyyy i/^x-.f;k t'X^ xy-;UA 
^yyv^x-f;k yy-fey > h y ^y ^^;ux- 
yyy^n-jb b y yy ->^;ux-f-;u, ^^»; 
v^^+lffc Kn7^u-F 4 h yy^n-;b7'n^ 
>v y y */S/;i/x*-fil/ t 7'J;^ y ^;Vx- r;u, 



01 

[0045] %m.^mt^t otb, 

a ■* y 9 k * y t ©js#t^#-c# s « 

-r ^ y ? k # y ^-so'-e^ttiTK^fiJS^o/aST^ 
b. J^rtaitu —mz < i > ©*«&£es 

j^Sl»#*£tt<b^*fl!t>S©tf»*ly<. HK* 
( 1 ) ©W«#JS<b^8j<!: l,TW«*-*>fb£*rt»*» 10 

a^tt^b*«*m»*©3&J»* L/C*. 
[0 04 6] *^(c*si»r«. H5/a*TJ|s©#«-*fti» 

^WjVC^-S : # "J x?- U> ^ y * "J U 

-b, tfyx^u^ya-ji^T* y u- K ^vi 

-;Ui^*^y u- K h y^ ^p-ju^'pav h yr 
?y u— k h y * 9-u—jv7u^> h y y y u- 
K ^^-^yr^yu-h, ^>*xyxy 

Cf. 1H. 1H, 2H, 2H-^f*7WOfv 
* ? y U- h ( fc'Xa- M7FM; ^KWSKfc* 
$¥) v 1H, 1H, 5 tt-*i>$7)\s*Xi-~<y?-)\,J*i 30 
*yu-h (tX3-h8FM;*iWHfc?S) . 2 
- (j*-7 frj-u- 3 -y ^^^?-;u> i^;war?'j 
h (M-3 4 2 0 ; . 2 - (A -7 A- 

tof^) x^;Uy 'JU-h (M-2 02 0 ; f 
-[ + >«). 3-(lH.-lH, 9H — •+-9-f r *7;l/ 
^pyxp+i') - 1 , 2 -xji<*^^t3^-> (E-5 
84 4 ; #^*>S3) . 1.4-bis<2'.3' - 
i#^v'7'at» -j*-7)V*u- n (E - 
7 4 3 2 ; *>«> ^©$7 ^*^*y-7-„ 
[004 7 ] #S£1^t,^J£ LTB JJEKW^S ft 40 
tc4t&M<D*V =fv- * 7**>»J< y * -f 7'© fc© 

[004 8] 3ttt£Httffllt2. 3feS^14<t^©^B 

RlS©05K{c#fo-t£r. #9^*Jl*£MteS(*>#** 

[0049] ^7^*;vs^§g^j<tu-r(ji. 3-y 

3, 3' . 4, A' -rh7 + X (t -yf-fri/t^is 
J])\/tf~)l) •<>V f 7*y> 1 N-7i-J^iJ-», 50 
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2, 4, 6 - b y* ( h ^oo^w) - s - h yr 
[0050] yej7?*>n&mi£mt l-cb. shws^ 

;u) & (II) . ^y-;V-T^S--}AHt*^HBMr; 

[0051] ytm^iffltimm, fe$§<**ifc*p^A© 

©##* L/t». mtt*r^BMb»*tc*oTttS8JW 

[0 05 2 ] *D^7A©t2ii«Ctt"5mu--if-ft. #4 
ilB> T^W^U-" !f- (4 5 8nm. 4 88n 
m. 5 14. 5nm), >? V 7 V !f- (6 

47. lnm) , YAGb-f- (5 32nm)?*P. 

©u— y*-7t^«ffl$n^>^ &u—tr-36«sic*»w 
[0053] tf^fe^i f y y A^fe 

>mfe«. n-^5>mfe^ try y ^Afcsfessssai 

B. 7fe^^©J: J 5^i«2B^14^S*§n^i«^(CB > 
* n ^5 A!Bfitf£©f£lS, ttJ»^^BS»Kc J; y # 

[0054] *«^tt<b^»B. >y-*y^-t? 
*&#f&-&^w:/y F#y v- 1 o oaagpjcM 

l/Tl 0-1 000ft«g|S, Jf*0<Bl 0-1 0 01 
SgP©S(I^T-«ffl3n^„ 

[0055] Tts^pg^jB. /<-f > y-^y 1 o 

OSfiBPtC^UT 1 ~1 0*»SP> »*U<B5~1 0 

[0056] ^{ctt.D-cia^-sn-s— fifi^ (2) ©w 
«#S^b^B. ^-O^'Jv- 1 0 ossspcm 
t-ri 0~1 0 0*SgC> Sf*L<B2 0~7 0SSgP 
©Ste-CfiSfflSti*. 

[ 0 0 5 7 ] if^fe^B. AV>^-#>Jv-10 0i 
SgBtC^L/TO. Ol — imfigP. « L 3SO<B0. 0 1 

~o. siwon^tttfflShs. 

[0 05 8 ] ±KLfc«fc5fc&***4*. T^h>, ^ f- 
•yy >, ^>-fe*>. hJl'i^. ^ixl^> > 5»n;l/^>-fe* 
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^T-te-r- K g*»xfk 1. 4 

A. .*£-/-.>k x£y-;K -fVT'p^V-;^, * 

6- c&. *£X^S'J#£<!&gfct>*§£*>ifc&. 

[o o 5 9 ] Xiest^tt. xt>3-*-, y?tT 

*4«©»*«1~1 0 0(u m> Jf*L<« 1 0-4 0 m 

[0060] (**M*p^7Aie-^fflS^i4^f*©aw 

jgBJtt^WT £&©-?£> 0. #VX 
^-u^-f^A, 7"p k*u>7^;i>A, ijfj^sjt 
x^u>^?^jua. tfy^Wb^-yf^^-Oi'A, 

a, i/>-t^.;i-7Ji/3-;i'7'i r ;i'A, tf'Jfc'xji, 

TJl'P— Jl/7-OUA, # >J j< 3- )l S $ $> 'J U - h 7 -O^ 20 
A, ^'Ji-^iU^^^^^-Y^A. *'Jx-7-;H- 

7- )Vr h>"7^JUA, #'./T5 F7-OUA, 

st-p Xf- U > - A- 7 JVd" UT)V*r)\s fcfXJl/X- 7\lUft 

8SJliUr«2~2 0 0 wm, »*tXtt 
10-50 /imt*li. 

C0 0 6 1 ] {*«M*p^7Aia^^fe-ttttfS^©fln 

^•T-5)B!jX«^ ; ?ftt/ca<DeS©^-1 , 5>^T\ Si* 30 
©*©#fiET. -10'C~35'C. »St<B0'C~2 
5 °CT 15^-12 ISIBttfirr & C t J; *) <g%t,cm 
ft, 3£7 3 i*£C 

[0 06 2 ] ±iB©flH*#«SS«B^CCfcl>-a£B4&£ffl 

BSi^©iws(,< i cfi6©g?£o. ooi~2 

0. ON. ttftL<U0. 00 5-5. 0 NflK©*?g 
[0 06 3 ] #8Bg*py9AE«fflJ»*ffi»»». <* 

[006 5 ] ^'-f>y-!i< l iv-t'S.5#i-ilA^ 50 
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[0 06 6 ] ffiBM-f ( 2 ) ©«& 

gtmit^mzm^zm'SMt. mm-nm^ a v y ? f 
*m-mm'U?<) », f* y^-tw^utt^©- 

[0067] m*ftM, am£BU&c&mi*7iL. so'i 

[0 06 8 ] g/c, $£^©{*^M*P^7 Affirm 

<t 5 fcaiM^H 3 fix 4>ft t>. 
[0069] c *> \sxnhntcfcnm*u wjjmm 
myttmmzMtt? -< JVAXtc^n^^Aia^w^)!^ 

mitcboycb*), SiS*n^-7Afe»M^». mm 
-nm^A 7 ') 9 f »; v -©jjn7k^ssi^jx«w 
«i-«M8i^ ^ ^ ij sr f ^ >j -7- <!: ms&mik&®±*m 
hm*-ftt&w&&®. ytm-^ms,^ s^. Jems 

v - ©»i7K^«s«i^jXtt w« - m>&> ^ 7* y 

^J^c i©ffi©gc^ A 0 ThMm&k h. o r t>4. 

[0070] *mw< l cfa2>tmM*u ifv^immm^t 
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